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Abstract
Objectives-To determine the cancer spe-
cific mortality of active and retired work-
ers of the German rubber industry with
emphasis on cancer sites which have been
associated with the rubber industry in
previous studies.
Methods-A cohort of 11 663 German
men was followed up for mortality from 1
January 1981 to 31 December 1991.
Cohort members were active (n = 7536)
or retired (n = 4127) at the beginning of
the study, and had been employed for at
least one year in one of five study plants
producing tyres or general rubber goods.
Vital status was ascertained for 99*7% of
the cohort members, and cause of death
found for 96-8% of the 2719 decedents.
Age and calendar year adjusted standard-
ised mortality ratios (SMR) and 95% con-
fidence intervals (95% CI) were calculated
overall from national reference rates and
stratified by year of hire and by years
since hire.
Results-Mortalities from all causes
(SMR 108; 95% CI 104-112) and all can-
cers (SMR 111; 95% CI 103-119) were sig-
nificantly increased in the study cohort.
Significant excesses in the mortalities
from lung cancer (SMR 130; 95% CI
115-147) and pleural cancer (SMR 401;
95% CI 234-642) were identified. SMRs
higher than 100 were found for cancers of
the pharynx (SMR 144; 95% CI 76-246),
oesophagus (SMR 120; 95% CI 74-183),
stomach (SMR 110; 95% CI 86-139), rec-
tum (SMR 123; 95% CI 86-170), larynx
(SMR 129; 95% CI 69-221), prostate (SMR
108; 95% CI 84-136), and bladder (SMR
124; 95% CI 86-172), as well as for
leukaemia (SMR 148; 95% CI 99-213).
Mortalities from liver cancer, brain can-
cer, and lymphoma were lower than
expected.
Conclusions-Mortalities from cancer of
several sites previously associated with
the rubber industry were also increased
among workers of the German rubber
industry. Results of the stratified analyses
are consistent with a role of occupational
exposure in the aetiology of some of these
cancers.
(Occup Environ Med 1996;53:289-298)
Keywords: cancer mortality; rubber industry; cohort
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Health effects of exposures sustained by work-
ers in the rubber industry have been studied in
several relatively large epidemiological investi-
gations. Studies carried out in Europe, 1-4 the
United States,'5-26 and Asia27-28 have reported
increased mortality or morbidity from cancers
of the bladder, lung, stomach, and several
other sites, as well as from leukaemia.
However, no consistent excess from any of
these malignant neoplasms has been found
across the various studies or countries. Rubber
workers are potentially exposed to several car-
cinogens-for example, aromatic amines,
nitrosamines, polycyclic aromatic hydrocar-
bons (PAH), solvents, and asbestos.29 34 The
exposure conditions in the rubber industry,
however, are very complex and highly variable
between work sites and plants, and over
time.2935 It is therefore difficult to attribute the
observed health impairments to specific expo-
sures, and only few specific associations-for
example, bladder cancer and aromatic amines,
leukaemia and solvents29 30-have been widely
accepted.
In the late 1980s, German occupational
physicians raised concerns about a possible
increase in morbidity and mortality from
laryngeal and other cancers among workers in
the German rubber industry. At that time, no
epidemiological data on workers in the
German rubber industry were available. As the
need to document the current and future
health of rubber workers was raised also by the
industry, it was decided in 1990 to initiate a
major epidemiological investigation, which
would ultimately serve several epidemiological
purposes.3637 In the present paper we report
the study methods, present the total and cause
specific mortality experience of production
workers in the German rubber industry, and
examine the cancer specific mortality by time
related factors.
Methods
GERMAN RUBBER INDUSTRY AND STUDY
POPULATION
In 1992 more than 50% of about 95 000
employees of the German rubber industry
worked in factories with at least 1000 employ-
ees. Of these, 70% were blue collar workers.
For practical reasons, the present study
included large factories in a few geographic
locations, in which the data for the identifica-
tion of potential cohort members and the
reconstruction of their employment histories
were of adequately high quality. Available data
289
Weiland, Mundt, Keil, Kraemer, Birk, Person, et al
sources were evaluated during a pilot phase of
nine months, and five factories belonging to
three different companies were selected. Each
of the five study plants employed more than
1000 production workers, had produced tyres
or general rubber goods since the first half of
this century, and was located in one of three
different states (Bundeslander) of Germany.
To have reasonable statistical power to con-
sider relatively rare causes of death, including
several specific cancers, a large cohort was
required. With the limited resources available,
enumeration of a cohort with the necessary
size required access to electronic data.
Because personnel data files at study plants
contained only information on active employ-
ees or those who had left within the previous
two years, additional sources of information
were sought. The only feasible alternative was
computer files maintained by the health insur-
ance companies affiliated to the rubber com-
panies (Betriebskrankenkassen). These files
contained information on all men who had
been insured since 1980, including those who
died or left the company. Because legislation
until 31 December 1991 required that all blue
collar workers obtain health insurance from
these companies (in contrast to white collar
workers, who could obtain coverage else-
where), the study population was restricted to
blue collar workers, who were also more likely
to have sustained occupational exposures rele-
vant to health. Through comparisons with the
active workforce of the rubber companies, it
was estimated that about 99% of the blue collar
workers in the factories actually had health
insurance through these companies, assuring
that the enumeration of cohort members was
reasonably comprehensive.
COHORT DEFINTON AND FOLLOW UP
The study cohort was defined as all German
male workers of the five study plants who
were: (a) actively employed on 1 January
1981, or (b) retired and alive on 1 January
1981. Men were not included into the cohort
if they were either 85 years of age or older at
the beginning of follow up or if they had been
employed for less than one year in any one of
the study plants.
The cohort was defined from 1 January
1981 for two practical reasons: firstly, in most
states in Germany, legislation requires the
storage of death certificates only for 10 years,
after which time they may be destroyed; and
secondly, 1981 was the first full year for which
electronic data on potential cohort members
were available from the insurance companies
and the study plants. Accurate enumeration of
the cohort before this date would have been
logistically impossible because it would have
required identifying potential cohort members
through paper records within the extensive
archives of the rubber companies.
Cohort eligibility was limited to those who
had been employed for at least one year,
because this restriction eliminates short term
workers who might not have adequately long
employment to accumulate meaningful expo-
sure levels. Also more transient men might
have exposures from many jobs and might
behave differently with respect to their health
from others employed for longer times in the
rubber industry.38 Men aged 85 years or older
were excluded from the cohort, because the
reported causes of death on the death certifi-
cates of very old people may be less valid and
the specific causes less likely to be occupation-
ally related.'940
Data on both women and non-German men
meeting essentially the same cohort definitions
are currently being collected from the same
sources, and will be analysed and presented in
a future report. Employees first hired after 1
January 1981 (n = 3 721) were also followed
up to facilitate future follow up efforts.
However, the maximum period from the
beginning of employment until the end of fol-
low up (31 December 1991) was only 11 years
for these workers. Only 13 deaths (20
expected) were observed among these workers
and no man had died from cancer (2-8
expected). New employees were therefore not
included in this analysis of cancer mortality.
According to the cohort definition two dis-
crete subcohorts were identified. The active
workers represented a cross section of all those
who were hired before and were still employed
on 1 January 1981. Of these, cohort members
who retired during the follow up period
remained in the active subcohort for analyses.
This subcohort, although not an inception
cohort, resembles a typically defined active
working cohort, and will be followed up for
mortality in the future. Retired employees
consisted of a cross section of all retirees who
were alive on 1 January 1981 and aged less
than 85 years. This group was specifically
included to enhance the study's ability to
detect risks associated with earlier conditions
in the industry and among older men, who are
at greater risk of mortality for most causes.
Most of the retirees were men who remained
employed until reaching the usual age of
retirement (60-65 years); however, the group
also included men who retired early, as part of
the efforts to reduce the workforce, or who
retired from the workforce for reasons of
health.
For most cohort members follow up started
on 1 January 1981 and ended on 31 December
1991. For those who had not worked for at
least one year before 1 January 1981, follow
up began after the one year period of employ-
ment was completed. Person time observed
was censored as men reached the age of 85
years. For those lost to follow up (n = 39),
person time was accumulated until the last
date on which the person was known to be
alive.
COHORT ENUMERATION AND EMPLOYMENT
HISTORY
Cohort members were identified through the
computerised files of the health insurance
companies and the personnel files of the rub-
ber plants. For men with missing data ele-
ments, cohort eligibility was established with
additional data from the rubber companies,
such as personnel paper charts and other docu-
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ments. Work histories within the respective
companies were obtained on 99-7% of the
cohort members. Employer personnel files
were used for active employees. For retirees
and employees with missing information in the
electronic files, work histories were abstracted
from records. Work histories were recon-
structed with cost centre accounting codes
(Kostenstellen). These were originally gener-
ated for accounting purposes, but permit iden-
tification of employment in specific working
areas and the respective time periods. Analyses
of mortality by work area will be presented in
future publications.
VITAL STATUS AND ASSESSMENT OF CAUSE OF
DEATH
Health insurance data and personnel files of
the participating plants were used to find the
vital status of cohort members at the end of
the observation period. Cohort members were
assumed to be alive if they were either actively
employed in one of the study plants or if they
maintained insurance with the health insur-
ance companies providing data on the cohort.
Insurance claims were screened until the end
of 1992 to identify any deaths occurring late in
the follow up period, and for which reports
might have been delayed. For all other cohort
members (about 4500) vital status was ascer-
tained through the appropriate local popula-
tion registry by finding the last known address.
All moves must be registered according to
German law. If the cohort member was found
to be dead the place of death was recorded.
Overall ascertainment of vital status for the
cohort was nearly complete (99 7%), with
only 39 employees remaining with vital status
unknown as of the end of the follow up period
(table 1).
For all cohort members reported to have
died (n = 2719), information from the popu-
lation registry was used to request a copy of
the death certificate from the respective com-
munity health department. Because death cer-
tificates were not readily available for research
purposes in Germany until recently, a great
effort was necessary to secure full cooperation
of the health department officials to obtain all
available death certificates of those who died.
Death certificates were successfully obtained
on 2631 (96 8%) of the decedents.
The causes of death were identified through
the death certificates. The underlying causes
of death were coded according to the ninth
revision of the international classification of
diseases (ICD-9) by four professional nosolo-
Table 1 Assessment of vital status and cause of death at the end offollow up
Combined (n = 11 663) Retired* (n = 4127) Active* (n = 7536)
n (°01) n (°01) n (%1)
Vital status:
Alive 8905 (76 4) 2118 (51 3) 6787 (90 1)
Dead 2719 (23 3) 1992 (48 3) 727 (9 6)
Unknown 39 (0 3) 17 (0 4) 22 (0-3)
Cause of death:
Known 2631 (96 8) 1932 (97-0) 699 (96-1)
Unknown 88 (3-2) 60 (3-0) 28 (3-9)
*On 1 January 1981.
gists from the State Institute of Statistics of
North-Rhine/Westphalia. These people were
selected because of their experience with cod-
ing of death certificates, so that the study
deaths would be coded in the same manner as
the deaths from the general population, and
therefore be comparable with the deaths on
which mortalities for the general population
are based.
DATA ANALYSIS
Mortality experience of the cohort was com-
pared with the mortality of the general male
population using standardized mortality ratio
(SMR) analyses. The population of western
Germany was used as the reference, because
the participating plants were located in three
different states of western Germany. The
National Institute of Statistics provided data
on the number of residents by calendar year,
five year age group, nationality (German v
non-German) and sex, as well as the number
of respective deaths by ICD-9 categories. The
SMRs were standardized on calendar year and
five year age groups. Person-years at risk were
calculated for each cohort member and
summed across all men in each analytical stra-
tum of interest-for example, calendar year,
age group, cohort status, year of hire, etc-by
Epicure and programs written in SAS 6.10.
The respective stratum-specific rates from the
reference population of German men were
multiplied by these person-year weights to
obtain the expected number of deaths. The
SMRs were calculated by dividing the
observed number of deaths from specific
causes by the expected number.
For causes with at least five expected
deaths, approximate 95% CIs were con-
structed.4' For causes with less than five
expected deaths, and for which the observed
number of deaths was at least two, 95% CIs
were constructed with an exact method.4 The
95% CIs are not reported for causes with one
or no observed death. Analyses were con-
ducted for the total cohort and by employment
status (active, retired) at the beginning of fol-
low up. The mortality from cancer of specific
sites was further stratified by year of hire and




The study cohort consisted of 11 663 German
men, who were retired (n = 4127) on 1
January 1981, or who were actively employed
(n = 7536) on 1 January 1981. Figure 1
shows that most retirees were over 60 years of
age on 1 January 1981, whereas most of the
active workers were 40 to 59 years old at the
beginning of follow up. Figure 2 shows the
distribution of cohort members by year of hire.
The retirees are widely distributed over the
early categories, with close to 500 who were
hired before 1930, and only a few who started
work after 1959. Most active workers had
been hired by one of the study plants between
1950 and 1969.
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The study cohort generated a total of 110
512 person-years of follow up: 31 260 from
the retirees, and 79 252 from the active
workers. Table 2 shows the distribution of per-
son-years of follow up by age at risk and years
since hire. Retirees contributed very little
time of follow up to the categories of less
than 10 years (0-1%), and 10- 19 years (43%)
since hire, whereas close to one third of the
person years of active workers fell into the
lower categories of years since hire: < 10 years
(9 5%) and 10-19 years (17 7%).
mortality. The retirees tended to slightly
exceed expectation, and the active workers
mostly fell below the expected number.
One example where the contrast was strong
is mortality from diabetes mellitus, for which
a substantial excess was found among
retirees (SMR 181; 95% CI 131-244), but
active workers experienced a relative deficit
of deaths from diabetes (SMR 70; 95% CI
26-153).
Diseases of the circulatory system (ICD-9
390-459) show an increase among retirees
(SMR 109; 95% CI 102-116), whereas active
workers have a small deficit (SMR 89; 95% CI
79-101). The excess among retirees cannot be
explained completely by increases in one sin-
gle subcategory of circulatory diseases.
Ischaemic heart disease, which accounts for
the greatest number of deaths from diseases of
the circulatory system, is slightly increased
among retirees (SMR 103; 95% CI 94-113),
and significantly lower among active workers
(SMR 83; 95% CI 70-98). A substantial
excess in the mortality from hypertensive dis-
eases (n = 39) is found among retirees (SMR
202; 95% CI 143-276), and although based
on only seven deaths the mortality is also
increased among active workers (SMR 125;
95% CI 50-258).
Deaths from chronic obstructive pulmonary
diseases (ICD-9 490-496) were identified
more often than expected (SMR 115; 95% CI
96-135). The excess, however, was found only
among retirees (SMR 122; 95% CI 101-146);
mortality among the subcohort of active work-
ers lay moderately below expectation (SMR
85; 95% CI 52-131). The largest deficit
among all non-cancer causes was found for
infectious and parasitic diseases (SMR 26;
95% CI 8-61).
TOTAL AND NON-CANCER MORTALITIES
The mortality from all causes in the study
cohort during the follow up period, 1 January
1981 until 31 December 1991, was higher
than expected from national rates (SMR 108;
95% CI 104-112, table 3). This increased
mortality, however, is explained by an excess
of deaths among the subcohort of retirees
(SMR 113; 95% CI 108-118), whereas the
active employees showed a slightly lower SMR
of 95 (95% CI 89-103) for all causes. Table 3
shows non-cancer causes of death, which are
of interest in this paper mainly to better under-
stand the cohort and their broader patterns of
CANCER MORTALITY
The study cohort experienced a significantly
increased mortality from all cancers (SMR
111; 95% CI 103-119, table 3). Excess deaths
from cancer occurred both among retirees
(SMR 114; 95% CI 104-124) and active
workers (SMR 106; 95% CI 93-119). A sig-
nificant increase was identified for the mortality
from cancer of the lung (SMR 130; 95% CI
115-147) and pleura (SMR 401; 95% CI
234-642). Increased mortalities, with SMRs
higher than 100 but with CIs including 100,
were found for cancers of the pharynx (SMR
144; 95% CI 76-246), oesophagus (SMR
Table 2 Distribution ofperson-years and deaths by age at risk, cohort status, and years since hire
Retired* (years since hire) Active* (years since hire)
< 10 10-19 > 20 total < 10 10-19 > 20 total
Age at risk py deaths py deaths py deaths py deaths py deaths py deaths py deaths py deaths
< 29 6 0 7 0 0 0 13 0 4092 1 1180 0 0 0 5272 130-39 0 0 30 1 2 0 32 1 1894 3 3984 4 1002 1 6880 840-49 0 0 52 0 152 2 204 2 1031 5 4869 24 14 011 61 19 911 9050-59 8 1 133 5 1163 64 1305 70 470 6 3379 36 28 737 293 32 586 33560-69 20 0 685 23 10882 382 11 587 405 53 0 613 8 13774 283 14439 29170-79 1 0 438 27 14 618 1055 15 056 1082 0 0 5 0 158 2 163 2> 80 0 0 12 1 3052 415 3064 416 0 0 0 0 0 0 0 0Total 35 1 1356 57 29 869 1918 31 260 1976 7540 15 14 031 72 57 681 640 79 252 727
*On 1 January 1981.
tFor 16 deceased retirees date of hire was unknown.
py = person-years.
Figure 1 Distribution of
cohort members (n =
11 663) by cohort status
(retired, active) and by




Figure 2 Distribution of
cohort members (n =
11 663) by cohort status
(retired, active) and by
year of hire.
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Table 3 Number of observed deaths and SMRs with 95% CIs among male German rubber workers (n = 11 663) between 1981 and 1991 by cause of
death and cohort status
Combined (n = 11 663) Retired* (n = 4127) Active* (n = 7536)
Cause ofdeath ICD-9 Obs SMRt (95% CI) Obs SMRt (95% CI) Obs SMRt (95% CI)
All causes: 000-999 2719 108 (104-112) 1992 113 (108-118) 727 95 (89-103)
Infectious and parasitic diseases 000-139 5 26 (8-61) 4 34 (9-88) 1 13
All cancers: 140-208 773 111 (103-119) 520 114 (104-124) 253 106 (93-119)
Cancer of:
Lipororalcavityorpharynx 140-149 24 125 (80-186) 13 193 (103-331) 11 88 (44-158)
Pharynx 146-149 13 144 (76-246) 7 244 (98-502) 6 97 (36-212)
Digestive organs or peritoneum 150-159 223 96 (84-109) 144 92 (78-109) 79 103 (82-129)
Oesophagus 150 21 120 (74-183) 10 121 (58-223) 11 119 (59-212)
Stomach 151 72 110 (86-139) 44 95 (69-127) 28 148 (99-214)
Colon 153 47 84 (62-112) 34 87 (61-122) 13 77 (41-132)
Rectum 154 36 123 (86-170) 24 118 (76-176) 12 135 (69-235)
Liver or gallbladder 155-156 15 59 (33-98) 9 54 (24-102) 6 70 (26-153)
Pancreas 157 23 71 (45-106) 16 79 (45-128) 7 58 (23-119)
Respiratory and intrathoracic
organs 160-165 287 135 (119-151) 184 142 (122-164) 103 124 (101-150)
Larynx 161 13 129 (69-221) 8 157 (67-308) 5 101 (33-236)
Tracheaorbronchusorlung 162 257 130 (115-147) 163 134 (114-156) 94 124 (100-152)
Pleura 163 17 401 (234-642) 13 533 (284-912) 4 222 (61-570)
Skin 172-173 2 29 (3-105) 1 28 - 1 30 -
Male genitourinary organs 185-189 128 107 (89-127) 106 112 (92-136) 22 87 (54-131)
Prostate 185 71 108 (84-136) 63 110 (85-141) 8 92 (40-182)
Bladder 188 35 124 (86-172) 28 126 (84-183) 7 113 (45-234)
Brain or central nervous system 191-192 9 83 (38-158) 4 91 (25-232) 5 78 (25-182)
Without specification of site 199 51 130 (97-172) 37 140 (99-193) 14 110 (60-185)
Lymphatic and haematopoietic
tissue 200-208 46 112 (82-149) 29 109 (73-157) 17 116 (67-186)
Lymphatic system 200-203 17 78 (46-126) 7 53 (21-109) 10 118 (57-217)
Leukaemia 204-208 29 148 (99-213) 22 164 (103-249) 7 113 (45-232)
Other neoplasms 210-239 8 39 (17-77) 5 35 (11-82) 3 49 (10-142)
Diabetes mellitus 250 49 152 (112-201) 43 181 (131-244) 6 70 (26-153)
Diseases ofthe circulatory system 390-459 1237 104 (99-110) 980 109 (102-116) 257 89 (79-101)
Hypertensive disease 401-405 46 184 (135-246) 39 202 (143-276) 7 125 (50-258)
Ischaemic heart disease 410-414 580 97 (90-106) 439 103 (94-113) 141 83 (70-98)
Cerebrovascular disease 430-438 238 96 (84-109) 195 93 (81-107) 43 108 (78-146)
Diseases of the respiratory system 460-519 174 97 (83-113) 150 103 (87-121) 24 72 (46-108)
Chronic obstructive pulmonary
disease 490-496 139 115 (96-135) 119 122 (101-146) 20 85 (52-131)
Diseases of the digestive system 520-579 125 90 (75-107) 67 87 (67-110) 58 94 (71-121)
Chronicliverdisease 571 93 117 (95-144) 43 124 (90-167) 50 112 (83-148)
Diseases of the genitourinary
system 580-608 22 79 (50-120) 18 81 (48-128) 4 72 (19-184)
Injury and poisoning 800-999 94 89 (72-109) 50 111 (82-146) 44 73 (53-98)
*On 1 January 1981.
tSMR based on the male population of western Germany as reference.
120; 95% CI 74-183), stomach (SMR 110;
95% CI 86-139), rectum (SMR 123; 95% CI
86-170), larynx (SMR 129; 95% CI 69-221),
prostate (SMR 108; 95% CI 84-136), and the
bladder (SMR 124; 95% CI 86-172), as well
as for leukaemia (SMR 148; 95% CI 99-213).
The excess deaths from pharyngeal and laryn-
geal cancer occurred among the subcohort of
retirees-that is, those who were already
retired at the beginning of follow up, whereas
the mortality from stomach cancer was
increased only among the subcohort of active
workers. To decide whether any of these find-
ings are possibly related to workplace hazards,
further stratified analyses were performed for
the total cohort and by cohort status at the
beginning of follow up.
Year of hire
Table 4 shows the SMRs for a subset of cancer
sites, chosen on the basis of findings from pre-
viously published studies, stratified by year of
hire. Lung cancer, with by far the largest num-
ber of observed deaths from cancer (n =
257), had consistently increased SMRs for all
strata. The highest excess was found among
retirees hired before 1950 (SMR 148; 95% CI
119-182), but the mortality was also increased
among all cohort members hired since 1960
(SMR 136; 95% CI 104-175). The strongest
association with a cancer site, however, was
found for deaths from pleural cancer (n = 17)
with significantly increased mortality among
workers hired before 1950 (SMR 630; 95% CI
289-1,197), and between 1950 and 1959
(SMR 341; 95% CI 125-743).
Mortality from laryngeal cancer seemed to
be increased for those hired before 1950 as
well as those hired since 1960; stratified by
cohort status, the increase among retirees is
only found among those hired before 1960,
whereas mortality among active workers is
increased among those hired since 1960 (SMR
274; 95% CI 89-638). The number of
observed events (n = 13), however, is quite
small. Mortality from pharyngeal cancer, with
the same number of observed cases, showed a
similar pattern, with an increased mortality
among retirees hired before 1960, whereas the
increased risk among active employees was
found among workers hired since 1960 (SMR
198; 95% CI 64-462).
The SMRs that were above 100 were for
oesophageal and rectal cancer in cohort mem-
bers with earlier years of hire (< 1960),
regardless of cohort status. In contrast, the
mortality from stomach cancer was increased
among workers hired since 1960. The risk esti-
mates for active workers were increased across
all categories of year of hire. A significantly
higher mortality from bladder cancer was
found in workers hired since 1960 (SMR 214;
95% CI 107-384). This excess occurred simi-
larly among active and retired workers. There
was also a slight excess of deaths among
retirees (just over 10%) hired before 1960.
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Table 4 Number of observed deaths and SMRs with 95% CIs among male German rubber workers (n = 11 663) between 1981 and 1991 by cancer
site, cohort status, andyear of hire
Year of hire < 1950 Year of hire 1950-9 Year of hire > 1960
Cancer site Cohort

















































































































































































































*On 1 January 1981.
tSMR based on the male population of western Germany as reference.
Leukaemia was the only investigated cancer
for which the subgroup first employed
between 1950 and 1959 was at highest risk
(SMR 229; 95% CI 133-366).
YEARS SINCE HIRE
The analysis by years since hire was performed
to account for the latency period between the
beginning of exposure and the observed deaths
from cancer. For most occupationally related
solid cancers, an empirical induction period of
at least 10 years would be expected. Two
deaths (0-9 expected) from lung cancer were
identified after less than 10 years since hire.
However, mortality from lung cancer was also
increased after 10-19 years (SMR 165; 95%
CI 96-265) and after 20 or more years (SMR
129; 95% CI 113-146). Deaths from pleural
cancer were not identified during the first 20
years since hire. A striking excess occurred
after 20 and more years among the retired
(SMR 555; 95% CI 295-950) and active
workers (SMR 249; 95% CI 68-637).
Although one worker had died from laryngeal
cancer less than 10 years after hire, mortality
from cancer of the larynx was also increased
after 20 and more years since hire (SMR 130;
95% CI 67-226) and mostly affected those
who were retired at the beginning of follow up.
Deaths from pharyngeal cancer were identi-
fied only after more than 10 years since hire,
and there was a significant excess in mortality
among retirees after 20 and more years (SMR
255; 95% CI 102-526). Among active work-
ers, there was an increased mortality from
stomach cancer 10-19 years (SMR 235; 95%
CI 64-602), and 20 and more years since hire
(SMR 142; 95% CI 91-211).
A notable increase in mortality after 10-19
years since hire was found for cancers of the
bladder (SMR 281; 95% CI 58-820) and the
lymphatic system (SMR 251; 95% CI
52-733). However, the numbers of observed
deaths were small (three deaths for each type
of cancer) and, accordingly, the CIs were
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Table 5 Number ofobserved cancer deaths and (SMRs) with 95% CIs among male German rubber workers (n = 11 663) between 1981 and 1991 by
cancer site, cohort status, andyears since hire
< 10 years since hire 10-19years since hire > 20years since hire
Cancer site Cohort























































































































































































*On 1 January 1981.
tSMR based on the male population of western Germany as reference.
slight excess in mortality after 20 and more
years (SMR 118; 95% CI 81-167). Deaths
from leukaemia occurred not earlier than 20
years after hire. After this period, there was a
significant excess in mortality (SMR 159; 95%
CI 106-228) which was most pronounced
among retirees (SMR 171; 95% CI 107-259).
Discussion
This study is the first cohort study conducted
on workers in the German rubber industry.
Although it is one of the largest epidemiological
investigations in the German industry to date
about the number of cohort members and
observed deaths, high data completeness and
quality could be achieved. The study design,
however, had to take the availability of data
into account. The study cohort consisted
therefore of two discrete subcohorts. The sub-
cohort of retirees provides a vanishing oppor-
tunity to evaluate the health effects of early
occupational hazards in the rubber industry in
Germany. However, the members of this sub-
cohort are subject to selective survival, as by
definition, they had to survive until 1981. The
subcohort of active workers were a cross sec-
tion of all those who were alive and still
employed at the beginning of follow up. These
workers have also been subject to selection,
because employees who died or lost their job
before 1 January 1981 for whatever reason
could not be included in the cohort.
The degree to which selection bias occurred
in this study cannot be definitively measured,
but is likely to be higher for workers with earlier
years of hire. Thus, for conditions with short
latency periods, and for those more rapidly
fatal, the two subcohorts may partly represent
those who have survived the risk period. This
must be kept in mind when interpreting our
findings of a lower mortality from malignant
neoplasms of several sites, of which some have
been associated with working conditions in the
rubber industry in previous studies-for exam-
ple, liver cancer, brain cancer, and lymphoma.
The lower than expected mortality from all
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likely to be due to a healthy active worker
effect, which is, as expected, not present
among retirees. Correspondingly, mortality
from ischaemic heart diseases and chronic
obstructive pulmonary disease was lower than
expected among the active workers, but
increases were identified among the retirees.
Interestingly, increased mortality from dia-
betes mellitus and hypertensive diseases had
also been found in previous studies.1519 It is
unclear whether these associations are due to
occupational exposures or a reflection of
health behaviour and other risk factors.
Despite the potential for selective survival,
excesses of deaths from cancers of several sites
were identified. The most striking findings of
this study were the excess deaths from pleural
cancer. These entirely occurred more than 20
years after hire. Mesothelioma was recorded as
the cause of death for 16 of the 17 cases identi-
fied in this study. Necropsies, which were per-
formed on three of these men, confirmed the
diagnosis in all three cases. Mortality from
pleural cancer has been reported separately
from lung cancer in only one previous study,
which showed a notable excess." The poten-
tial exposure of rubber workers to asbestos has
been discussed over several years.2942 Possible
sources include asbestos contaminated talc,
insulation materials, and gloves. Exposure to
asbestos is the likely cause of the observed
excesses.
The mortality from lung cancer was signifi-
cantly increased among both retired and active
workers. Cohort members who had started
work after 1960 were also affected. The
increase was significant after more than 20
years since hire. Several other studies have
reported excess mortality and morbidity from
lung cancers among workers in the rubber
industry and various exposures, including
vulcanising fumes, talc, and nitrosamines,
have been discussed as possible causal
factors.'2812-14 27-29 However, only one of the
above investigations was able to adjust for
smoking, which did reduce but not eliminate
the observed association.28 In the present
study it was not possible to control for smok-
ing. Urban residence4' is unlikely to explain
our findings, because the residence of cohort
members was evenly divided between urban
and rural areas. Although the excess in mortal-
ity was significant, the SMRs were of a magni-
tude which cannot rule out confounding by
smoking.44
Concern about an increased risk of laryn-
geal cancers was one of the reasons for this
study. Our findings, however, do not provide
conclusive evidence so far. Thirteen deaths
from laryngeal cancer were found during the
observation period. This is higher than
expected, but the increase is not significant.
Stratification by cohort status, year of hire,
and years since hire does not yield a clearer
picture. A similar finding emerged for the
mortality from cancer of the pharynx. It seems
that the risk of both cancers was increased in
retirees who were hired before 1960, but an
increase, although not significant, was also
seen among active workers who started to
work after 1960. This inconsistent pattern
may be attributed to chance, as numbers were
small. It may also reflect more complex mech-
anisms, such as selective survival among
retirees and early retirement due to health
problems. However, personal behaviour, par-
ticularly smoking and alcohol consumption,
are important risk factors for cancer of both
sites,45 4 but could not be recorded in the pre-
sent study. Nevertheless, although confound-
ing cannot be ruled out, excesses of cancer of
the larynx,10-13 45 48 and of the oral cavity and
pharynx" 14 25 48 have also been found in other
studies on workers in the rubber industry.
Factors which have been discussed as possible
causes include exposure to dust and sol-
vents.'0-13 Thus, occupational factors remain a
plausible explanation for the observed excess
deaths from these two cancers in the present
study.
The mortality from stomach cancer in this
study cohort was, although not significant,
higher than expected from the national rates.
Excess deaths occurred only among the subco-
hort of active workers and those who started
work after 1960. Increased mortality from
stomach cancer among workers in the rubber
industry has been found in other stud-
ies210121519 and has been associated with dust
exposure, especially in the area of compound-
ing, mixing, and milling.8 12 29 49
The finding of a significant excess mortality
from bladder cancer among workers hired
since 1960 was unexpected. The fact that this
excess was found in both subcohorts may
argue against a chance finding. The occupa-
tionally induced risk of bladder cancer in the
rubber industry is usually associated with
exposure to aromatic amines, which resulted
mainly from the use of certain antioxidants
contaminated with about 0 2 % of f3-naphthy-
lamine.2934 5' After warnings in 1949 and the
early 1950s these ingredients were withdrawn
and an elimination of the excess risk since then
has been reported for the British rubber indus-
try.9 12 34 50-53 However, at least in Germany
small quantities of f3-naphthylamine remained
in some of the ingredients until the mid-
1960s. Thus, there is a possibility that aro-
matic amines or some other yet unknown
occupational factor may have played a part in
our findings. A chance finding or confounding
by another risk factor for bladder cancer also
cannot be ruled out. Due to lack of nationwide
cancer registration, as is available for example
in the United Kingdom, we could not study
tumour incidence which would have been
desirable, as the survival of patients with
tumours of the bladder has improved in recent
years.52-54
Excess deaths from leukaemia have been
found in three other epidemiological studies in
the rubber industry.71524 An association with
exposure to solvents is widely accepted.'6295556
Solvents, such as benzene, have been used in
the study plants at least until the early 1950s. In
our study, a significant increase in the mortality
from leukaemia was only found among those
hired between 1950 and 1959. It may be that
these men had particularly high exposures to
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solvents, but this needs to be confirmed by
further analyses of the work histories, before
other occupational or non-occupational haz-
ards can be ruled out.
Conclusion
In this paper we report the total and cause spe-
cific mortality of German men in the rubber
industry between 1981 and 1991 in compari-
son with the respective national reference
rates. We present the cancer specific mortali-
ties among workers who were retired or active
on 1 January 1981, by year of hire and years
since hire. Significant excesses in mortality
from pleural cancer, lung cancer, and
leukaemia were found in the combined cohort
or one of the two subcohorts. Excess deaths,
although not significant, from cancer of other
sites, including the pharynx, larynx, stomach,
and bladder, were identified. Thus, mortalities
from cancer of several sites previously associ-
ated with the rubber industry were also
increased in workers of the German rubber
industry. Results of the stratified analyses are
consistent with a role of occupational exposure
in the aetiology of some of these cancers. We
are currently conducting analyses of the work
history data to find whether any of the
observed excesses of cancer deaths are related
to work areas and specific exposures.
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